The dredging of the canal water intake at PLTGU Grati is an effort to maintain the depth of the reduced canal due to sedimentation. The dredging process itself uses a cutter suction dredger. To distribute mud or slurry (a mixture of water and sand) result of dredging to dumping area of PLTGU Grati using HDPE (high-density polyethylene), as pipe material, hence pipe does not wear due to corrosion but erosion. Basically, erosion is caused by impact of solid particle (sand) which is suspended inflow (multiphase) on a solid wall boundary. Wear caused by erosion itself is recognized as one of the problems in some industries that distribute slurry in their process. This research thesis analyzes and predicts the rate of erosion occurring in HDPE pipes that are transported slurry from the sedimentation dredging in PLTGU Grati using CFD (computational fluid dynamic) method. Variations of slurry concentration, impact angle, particle diameter and velocity of the slurry has been be performed to determine the effect on the rate of erosion. The results of this research thesis showed that the concentration of slurry, impact angel, diameter of particle and the concentration of the slurry were directly proportional to the rate of erosion on the HDPE pipe.
Erosi ve wear, commonly known as erosion is defined as a material loss resulting from the impact of solid particles on the material surface [1] . Erosion wear is recognized as a problem in slurry transportation equipment such as pipes and pump. Dredging in canal water intake PLTGU Grati is one the process that transport slurry from the bottom of the canal to dumping area using cutter suction dredger. This research thesis analyzes and predicts the rate of erosion occurring in HDPE pipes that are transported slurry from the sedimentation dredging in PLTGU Grati using CFD (computational fluid dynamic) method. Variations of slurry concentration, impact angle, particle diameter and velocity of the slurry has been be performed to determine the effect on the rate of erosion [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Technically dredging is the process of moving underwater sediments for the purpose of maintaining river channels, lakes, reservoirs, water intake canals, and sea lanes on docks or for mining purposes. Dredging at this time has been very well developed in the process of implementation and the method used. To undertake underwater sediment dredging activities requires the assistance of dredgers. Dredges have various types such as suction dredgers and suction hoppers dredger [1, [6] [7] [8] [9] [10] [11] [12] [13] .
The cutter suction dredger is one type of dredger. The working system of the cutter suction dredger is by cutting the material from the bottom of the water which has been crushed by the rotating cutter head after which the sediment that has been eroded by the cutter head has 1 been be pumped using a centrifugal pump to the dumping area to be distributed through the pipe.
As a result of the distribution of sediment mixture with water (slurry) causes erosion on the inner side of the HDPE (high-density polyethylene) discharge pipe. Erosion itself is the loss of material due to the impact or impact of particles on a material surface. Therefore it is necessary to note the rate of erosion to predict the age of the discharge pipe. In addition, there should also be a review of the installation on the discharge pipe that is installed in turn to the rate of erosion. So as to minimize damage to the discharge pipe to save costs. In this final project has been be an analysis of the rate of erosion that occurs on the discharge pipe type HDPE suction dredger using computational fluid dynamics (CFD) simulation.
Computational fluid dynamics (CFD) is a set of methodologies that use computers to simulate fluid flow, heat transfer, chemical reactions, and other flow phenomena by solving numerical Navier-Stokes equations. And one of the phenomena that can be simulated by this method is predicting the rate of erosion. Although modeling erosion through CFD has been done over the years, there is still a need for more in-depth knowledge of available models and methods [14] [15] .
A. Erosion
Basically, Erosion is caused by the impact of a solid particle (sand) which is suspended in flow (multiphase flow) on a solid wall or boundary [2] . With different influencing factors on erosion from sand particles, different types of wear mechanisms can occur. Before going deeper into the types of wear relevant for this thesis, a list of some relevant wear mechanisms from particle impacts is listed in table 1.
B. Slurry
Slurries are a solid-liquid mixture with a large number of solids. A slurry can sometimes be classified as a highly viscous fluid. Since the particle concentration is high, it is important to understand the physical principles for this type of flow and also to classify the slurries. With the high particle concentration, the erosion phenomena has been occur. Slurry erosion is an erosion mechanism that occurs due to the wall shear of the slurry flow through a pipe combined with random particle impacts [1, 4] .
It is important to classify a slurry in order to provide a basis for describing the physical appearance and the flow behavior of the two-phase solid-liquid mixture, i.e. rheology. Rheology is the study of the flow of matter and applies to substances with complex structures such as slurries. The rheology is a dynamic property of the microstructure of the slurry and is affected by various attributes such as the shape, density, size and mass fraction of the suspended solid particles and the density and viscosity of the carrier fluid [4] .
The Density of the slurry is affected by the density of the carrier fluid, the density of the solid particles and the concentration of solid particles present. The solid concentration can be expressed by volume or weight fraction [4, 5] . The relationship between these two can be expressed by [4, 5] Water flowing around solid particles creates pressure differentials around them and the resulting drag forces move the particles in the general direction of the flow. The velocity of the solids is slower than that of the water. This is called slippage and particles of different sizes and densities have different slippages. Relative to horizontal flow, slippage increases in uphill flow and decreases in downhill flow because gravity slows down and respectively accelerates the flow of solids relative to the liquid. It follows that, in various parts of a convoluted pipeline, local solids concentrations vary, which influences local slurry velocities, pipe wear, and friction losses. [1, 4, 5] When the sizing, density, and concentration of solids in a slurry are known, we must determine the average Limiting settling velocity (VL) of the slurry, which has been move the solids and not let them settle. Limiting settling velocity defined [4, 5] The methodology used in this research is a simulation-based method, which has been be tested using software for problem-solving. The erosion rate on the pipe has been be simulated by CFD (computational fluid dynamics) method.
This research has been use pump discharge data (m 3 / h) at 1400 rpm and five sand mass concentration (Cw) on slurry ie (Cw: 0%; 20%; 40%; 60%; 80%. Since the data were taken at commissioning is only underwater conditions A. Data Collection
In this section, we has been present the data that have been obtained to support the modeling and simulation process.
The interpolation has been be performed for unknown data. After the interpolation obtained data as follows on table 1 - The value of limiting settling velocity is directly proportional to the value of settling velocity factor, Cw, Cw, and solid particle diameter (sand) in the slurry. The largest limiting settling velocity when the slurry Cw is 80% and the sand diameter of 140 μm is 3.3877 m/s.
C. Calculation Mass flow
The mass flow rate of the sand particles in the slurry becomes one of the insert values in modeling the erosion rate in ANSYS Fluent. There are two types of mass flow rates in the slurry that is the mass flow rate in the liquid phase (water) and the solid phase (sand). In this sub-chapter has been be calculated the mass flow rate of sand on the concentration of weight slurry (Cw) variation 0%, 20%, 40%, 60%, and 80%. The equation for calculating the mass flow rate based on [14] [15] . The results shown in figure 1 -figure 7 and Calculation results of slurry speed and mass flow rate of sand in the slurry in some conditions can be seen in table 8.
D. Pre-Processing (Geometry and Meshing)
A three-dimensional modeling process of five samples of a 6 meter long HDPE pipe having an internal diameter of 322.8 mm. Modeling uses the swept feature to form the turning angle of the model.
E. Processing
In this step determine the multiphase model in slurry ie DPPM model (discrete dense phase model) one main phase of continuous fluid and one discrete phase shon in table 11.
The boundary conditions are then set on the inlet (velocity inlet), wall (wall), and outlet (pressure outlet). For inlet conditions, it is necessary to determine the speed and mass flow.
F. Post Processing
After completing the process of solver/processing on the model. Then it has been get the value of erosion rate and contour of erosion rate value on the pipe bend. Table  12 Shows contours and the value of the rate of erosion. The value of the highest erosion rate at the time the pipe is applied with the 61.28% slurry Cv value has a maximum erosion rate of 8.54e-07 kg / m2s. And erosion does not occur on clean water. The value has been be converted to (mm/year) by the multiplication of the density value of the HDPE pipe and unit investigation. Figure 8 . shows the contour of the erosion rate at the pipe with pipe bend 90 o and Cv 36.72% slurry simulated with four different sand diameter. This aims to determine the relationship of erosion rate to slurry sand diameter. Figure 9 . shows the contour of the erosion rate at the pipe with pipe bend 90 o and Cv 36.72% slurry simulated with four different speeds. This aims to determine the relationship of erosion rate to slurry speed
III RESULT AND DISCUSSIONS
The result of the simulation has been be displayed on graphic and table to make it easier to analyze. Figure 10 shows that the volume concentration of slurry (Cv) is directly proportional to the rate of erosion at relatively similar velocities. The greater the volume content of the solid particles (sand) in the slurry the higher the rate of erosion. It can be seen that the highest erosion rate is highest at Cv of 60.74% and the bend angle of pipe 90 o is 27.22 mm / year. While in the clear water, erosion do not occur. From figure 11 can be seen the effect impact angle on the HDPE pipe that was transported slurry. The impact angle of the pipe is directly proportional to the rate of erosion it can be seen on the graph showing that on all four slurry variations which all increase in erosion rate. Figure 12 shows the relationship of the large diameter of solid particles (sand) in the slurry that is directly proportional to erosion rate. The highest erosion rate is 19.32 mm/year when sand is 0.14 mm in diameter. and nil the lowest rate of erosion at the time of sand on the slurry 0.05 mm in diameter ie 10.66 mm/year. Figure 10 -13 and table 12 -13 shows that the relationship between slurry speed and erosion rate is directly proportional. From the graph also concluded that the greater the speed of slurry then the rate of erosion experienced by the angle on the pipe is also higher. It can be seen that the highest erosion rate is experienced at the highest speed at 4.6 m / s with a maximum erosion rate of 19.32 mm/year. Increased fluid velocity (water) can lead to a considerable increase in the rate of erosion when the particle (sand) velocity is close to or equal to the fluid velocity.
IV CONCLUSION
From the research that has been done and discussed it can be concluded that:
1. The rate of erosion on the HDPE pipe carrying the slurry is directly proportional to the slurry concentration (Cv/Cw). 2. The largest erosion rate occurs when the concentration of volume 60.74% slurry or Cw (concentration of weight) 80% and the angel of bending pipe 90 o , which is equal to 27.22 mm/year. 3. The speed of the slurry and particle diameter is directly proportional to the rate of erosion experienced by the pipe
